Approximately 1.0 to 1.2 million persons are living with HIV in the United States, of whom approximately one quarter (252 000-312 000) are unaware of their HIV infection and are at risk for transmitting it to others. 1 HIVpositive persons who are unaware of their infection are believed to be the source of more than half of all new infections. 2 The prevalence of highrisk sexual behavior is markedly higher among HIV-positive persons who are unaware of their infection than among those who know their status. 3 Furthermore, many persons are diagnosed late in the course of their infection. Of all persons diagnosed with HIV infections in 2004 in the 33 states that had name-based HIV reporting, 40% developed AIDS within 12 months after being diagnosed with HIV. 4 The Centers for Disease
Control and Prevention (CDC) estimates that only approximately 50% of persons with newly diagnosed HIV are linked to care within12 months of their initial diagnosis. 5 Therefore, identifying HIV-positive persons who are unaware of their infection as early as possible and linking them to medical care and prevention services are national HIV prevention priorities. 6, 7 Surveillance data show that HIV/AIDS diagnoses are increasing in some groups, such as African American men who have sex with men (MSM), 8 and new HIV incidence estimates
show that gay and bisexual men of all races and ethnicities and African American men and women are disproportionately affected by HIV. 9 Reaching these high-risk groups is essential to stemming the HIV epidemic. The CDC funds health departments and community-based organizations (CBOs) to conduct HIV counseling, testing, and referral services in sexually transmitted disease clinics; free-standing counseling, testing, and referral sites; community health centers; family planning clinics; correctional facilities; and outreach settings (e.g., mobile vans). Of the approximately 2 million HIV tests performed at these sites each year, an average of 1.3% are positive. 10 It is critical that effective strategies be identified and implemented to reach more persons at high risk for HIV. One such strategy is HIV partner counseling and referral services. Partner counseling and referral services incorporates a partner notification process in which HIV-infected persons are asked for information about their sexual and drug-injection partners, who are then notified of their potential exposure to HIV and provided HIV counseling, testing, and referral services.
11 Partner counseling and referral services has been proven effective for reaching persons at very high risk; in studies of HIV partner counseling and referral services, 14% to 26% of tested partners of HIV-infected persons were found to have undiagnosed HIV infections. 12 However, a recent survey of health departments in areas with high rates of HIV (and HIV reporting) found that only 52% of HIV-infected persons were interviewed for partner counseling and referral services, 4 indicating significant missed opportunities for HIV prevention. Another strategy that has been explored for reaching individuals at risk for HIV infection is social networks. Persons who are HIV infected or at high risk for infection are asked to identify others in their social networks who they believe may be at risk for infection for referral to HIV counseling, testing, and referral services. These network members, whether they test positive or negative for HIV, are in turn asked to identify other persons they believe to be at risk. This process typically continues for several cycles beyond the original person, facilitating access to the social networks of persons at high risk for infection.
Social network strategies have been used successfully by health departments to identify undiagnosed cases of syphilis and HIV. A pilot study in Atlanta, Georgia, that used social network methods to focus on syphilis also identified 24 persons with HIV, of whom 7 were unaware of their HIV infection and 9
Objectives. We evaluated the use of social networks to reach persons with undiagnosed HIV infection in ethnic minority communities and link them to medical care and HIV prevention services.
Methods. Nine community-based organizations in 7 cities received funding from the Centers for Disease Control and Prevention to enlist HIV-positive persons to refer others from their social, sexual, or drug-using networks for HIV testing; to provide HIV counseling, testing, and referral services; and to link HIV-positive and high-risk HIV-negative persons to appropriate medical care and prevention services.
Results. 15 We present a more detailed analysis of the data collected for monitoring and evaluating the program.
METHODS
Nine CBOs were funded in 7 US cities: San Francisco, California; Washington, DC; Orlando, Florida; Lafayette, Louisiana; Boston, Massachusetts; New York, New York; and Philadelphia, Pennsylvania. The CBOs ranged in size from small to large and were located in urban and rural areas. Each CBO selected 1 or more specific populations for this program, including, but not limited to, African American and Hispanic men and women, homeless persons, MSM, high-risk heterosexuals, transgender persons, and injection drug users.
Program Design
The CBOs started with a common protocol 16 that included 4 core program phases (Figure 1 ), which they adapted to their specific target populations and circumstances.
Phase 1: recruiter enlistment. CBO staff invited HIV-positive persons (recruiters) to contact persons they personally knew (network associates) and believed to be at high risk for HIV infection from their social, sexual, or drug-using networks and encourage them to be tested for HIV. The recruiters were receiving other services (e.g., case management) from the participating organizations or were referred by other agencies providing services to HIV-positive persons. Subsequently, persons who were recruited as network associates and were found to be either HIV positive or HIV negative but at high risk of infection were invited to participate as recruiters. HIV-negative persons were considered to be at high risk for HIV infection if within the preceding 12 months they (1) had unprotected sexual intercourse or shared drug injection equipment with a person who was HIV positive or of unknown HIV status, (2) had exchanged sexual intercourse for drugs or money, or (3) were diagnosed with another sexually transmitted disease.
Recruiters were 18 years or older; HIV positive or high-risk HIV negative; largely African American, Hispanic, Native Hawaiian/ Pacific Islander, Asian, or American Indian/ Alaska Native; and willing and able to refer high-risk persons from their social, sexual, or drug-using networks to HIV counseling, testing, and referral services. Potential recruiters were excluded if they were not deemed mentally capable or were under the influence of alcohol or other drugs at the time they were considered for participation. CBOs used other inclusion or exclusion criteria appropriate for their particular circumstances.
Phase 2: recruiter engagement. Recruiters were given a brief orientation to the program, provided additional information about their role, and informed that they could decline further participation at any time. Some CBOs obtained written acknowledgment from the recruiters about the scope and limits of their participation. Recruiters were then interviewed by CBO staff about network associates they believed to be at high risk for HIV infection. They were also coached, through role-play techniques, on how to approach network associates and refer them for HIV counseling, testing, and referral services.
Phase 3: recruitment of network associates. Recruiters contacted their individual network associates to refer them for testing. The dialogue between recruiters and network associates varied by the nature of their relationships, but all included discussions about the importance of HIV testing. When network associates agreed to be tested, their recruiter gave them a coded referral card for counseling, testing, and referral services or personally escorted them to the HIV counseling, testing, and referral sites, allowing CBO staff to link the network associates to their recruiters. CBO staff followed up with recruiters periodically, in person or by telephone, to review their progress in contacting network associates and discuss any issues that concerned them. All recruiters were enlisted and all network associates were tested between October 1, 2003, and December 31, 2005.
Phase 4: counseling, testing, and referral. Network associates were offered HIV testing either at the agency facility or in community settings. Sometimes, a collaborating agency provided these services. Written consent was obtained from network associates who chose to be tested. Tests were performed on oral fluid or blood specimens with either standard or rapid HIV tests. Reactive rapid tests were confirmed by Western blot. Network associates were encouraged by CBO staff to return for follow-up testing if they tested HIV negative but were assessed as high risk.
Network associates who tested HIV positive were provided posttest counseling and linked or referred to appropriate medical care and prevention services, including partner counseling and referral services. Linkage to care was considered successfully completed if the network associate attended at least 1 medical appointment. CBOs established tracking systems to verify completion of medical referrals or accompanied individuals to these services. Network associates found to be HIV negative but at high risk were referred to HIV prevention services. HIV-positive and high-risk HIVnegative network associates were assessed for eligibility to become recruiters and invited to participate. This process allowed CBO staff to continue testing and penetrating high-risk networks ( Figure 2) .
Decisions about the use of incentives were left to the discretion of the individual CBOs. Ultimately, each agency elected to give recruiters and network associates small incentives (e.g., gift cards, certificates of appreciation, or transportation passes) for their participation. One CBO provided cash incentives drawn from other sources of funding. Typically, recruiters received incentives valued at approximately $10.00 for every network associate they successfully recruited for counseling, testing, and referral services, and network associates received incentives valued at approximately $5.00 if they were tested and returned for their results.
CDC staff trained CBO staff and provided intensive technical assistance on-site and by telephone. Staff from all CBOs participated in periodic conference calls to share information about their programs, discuss issues they were encountering, and receive peer support.
Program Evaluation
Data collection and measures. Data collected to monitor and evaluate the program included demographic information (e.g., age, race/ethnicity, gender), behavioral risk factors (e.g., needle sharing, unprotected sexual intercourse), HIV testing history, and current HIV status. After all personal identifiers were removed, data were electronically submitted to the CDC for analysis via a secure data network in encrypted form. In the event an individual tested more than once during the course of the project, the most recent test result was used in analysis.
Network size was calculated as the number of network associates tested in a recruiter's network. A network index (number of network associates tested divided by number of recruiters) was computed to measure the productivity of recruiters with different demographic and behavioral risk characteristics. The prevalence of newly identified HIV infection among all network associates (the number of newly identified HIV-positive network associates divided by the number of network associates tested) and the number of HIV-positive network associates who accessed medical care following their diagnosis were also calculated.
Data analysis. We used the Kruskal-Wallis c 2 test (a nonparametric test appropriate for nonnormal distributions) to examine differences in number of network associates tested, by recruiter characteristics. We used the Pearson c 2 test to test associations between the prevalence of newly identified HIV infections among network associates and the characteristics of both recruiters and network associates. When more than 2 groups were compared, we conducted pairwise tests for associations significant at or below the .05 level to determine which groups differed significantly from one another.
RESULTS
Overall, the 9 CBOs enlisted 424 recruiters and tested 3230 network associates. Data from 2 recruiters were excluded because 1 had unknown HIV status and the other was younger than 18 years. A total of 58 network associates were excluded because their recruiter's HIV status was unknown (n = 7), they were recruited erroneously (i.e., they already knew they were HIV positive; n = 50), or their test results were missing (n =1). Data from 422 recruiters and 3172 network associates were included for analysis.
Recruiter Characteristics and Productivity
Mean recruiter age was 41.7 years (SD = 8.8; range =18-71). Sixty percent were HIV positive, 63% were male, 82% were 35 years or older, and 61% were African American. Fortythree percent of recruiters initially entered the program as network associates recruited by others. The most frequent self-reported behavioral risk factor was high-risk heterosexual intercourse (46%). The overall network index (number of network associates recruited and tested per recruiter) was 7.4.
The number of network associates tested was significantly associated with recruiter HIV serostatus (P < .01), age group (P = .02), race/ ethnicity (P = .02), and risk group (P < .01; Table 1). HIV-negative recruiters recruited significantly more network associates for HIV testing (network index = 9.4) than did HIV-positive recruiters (network index = 6.2). Recruiters aged 25 to 34 years recruited significantly more people on average (network index =16.9) than did recruiters aged 18 to 24 years (network index = 7.0) or 45 years and older (network index = 5.8). Hispanic recruiters recruited significantly more network associates for testing on average (network index =13.1) than did African American or White recruiters (network indices = 6.1 and 3.5, respectively). Recruiter gender was not significantly associated with number of network associates tested.
Recruiter HIV serostatus (P < .01) and recruiter risk group (P < .01) were significantly associated with HIV prevalence among network associates (Table 1 ). The prevalence of newly identified HIV infections among network associates recruited by HIV-positive recruiters (6.8%) was significantly greater than among network associates recruited by HIVnegative recruiters (4.4%) and was significantly greater among network associates recruited by MSM recruiters (8.7%) than among those recruited by high-risk heterosexuals (5.0%) or by MSM who were also injection drug users (4.0%). Recruiter gender, age, and race/ The index is the number of network associates tested divided by number of recruiters. b Calculated from the Kruskal-Wallis nonparametric c 2 test for associations between recruiter characteristics and number of network associates tested. Recruiters whose race or risk were not specified were not included in the statistical tests. ethnicity were not significantly associated with prevalence of newly diagnosed HIV infection among network associates.
Almost all of the 3172 network associates (99%) could be linked to a specific recruiter; all of the newly identified HIV-positive network associates were linked. Approximately one third of the recruiters (32%) recruited 5 or more network associates, accounting for 91% of all linkable network associates and 88% of newly identified HIV-positive network associates. Thirty-four percent of recruiters did not recruit any network associates for testing. The average number of network associates tested per recruiter was 7.4; on average, only 2.4 recruiters were needed to test 17.8 network associates and find 1 with newly identified HIV infection (422 recruiters divided by 177 newly identified HIV-positive network associates = 2.4).
Network Associate Characteristics and HIV Prevalence
Mean network associate age was 37.5 years (SD =11.7; range =13-77). (Seventy-five individuals aged 13 to 17 years received an HIV test because they were identified as at risk for HIV infection.) Of the 3172 network associates tested, 68% were male, 58% were 35 years or older, 51% were African American, and 57% self-identified as high-risk heterosexual.
Of the 3172 network associates recruited and tested, 177 (5.6%; 95% confidence interval = 4.8%, 6.4%) had newly identified HIV infection ( Table 2 ). The prevalence of newly identified HIV infection among network associates was significantly associated with the associate's age (P = .03), race/ethnicity (P = .05), and risk group (P < .01). Network associates who were aged 35 to 44 years were significantly more likely to test HIV positive (7.4%; P = .005) than were those in all other age groups (4.8%). A significantly greater proportion of African American than White network associates tested HIV positive (6.5% and 3.8%, respectively; P = .005). Significantly greater proportions of network associates who were MSM (12.4%) and MSM injection drug users (14.9%) than who were injection drug users (5.7%) or high-risk heterosexuals (4.4%) tested HIV positive (P < .001). Network associate gender was not significantly associated with prevalence of newly identified HIV infection, but the prevalence was highest among transgendered persons (12.8%).
Linkage to Care
Of the 177 network associates identified as HIV positive, 151 (85%) were referred for HIV medical care or case management by program staff. (For the remaining 26 individuals, referrals were not made or the data were missing.) Of network associates who were given such referrals, 111 (74%) successfully accessed those services. Of the 40 individuals who received referrals but did not successfully access services, 29 were lost to follow-up and 11 declined the referrals. Thus, 63% (111 out of 177) of all newly identified HIV-positive individuals reached through this strategy successfully accessed HIV medical care or case management services.
DISCUSSION
Our program evaluation showed that the participating CBOs effectively used a social network strategy to access and provide HIV testing to a population of persons with a high prevalence of undiagnosed HIV infection. More than half of those who were newly identified as HIV positive were subsequently linked to HIV medical care and prevention services. The CBOs were able to use the social network strategy successfully to reach diverse at-risk populations in 7 different geographic areas. These findings support those of earlier reports from Los Angeles, California, 14 and Seattle, Washington, 17 and show that a peer-driven, network-oriented strategy can be a powerful tool for identifying persons with undiagnosed HIV infection in populations that may be difficult to reach with other methods. The proportion of network associates with newly identified HIV infection in the Social Networks Demonstration Project (5.6%) was similar to that reported from Seattle (5.0%). 17 However, the case-finding yield in the program we studied was higher because fewer recruiters were needed to identify 1 network associate with previously undiagnosed HIV infection (2.4 in this program compared with 12.9 in the Seattle program). The reason for this difference is not readily apparent. Both programs worked closely with the recruiters, and the incentives offered to recruiters and network associates were similar. However, recruiters in the Seattle program were all MSM and most were White, whereas the majority of recruiters in the program we studied were high-risk heterosexual and African American. Also, this program was conducted entirely by CBOs, whereas the Seattle program was primarily under the direction of the health department.
The case-finding effectiveness of the CBOs in this program also exceeded that of HIV partner counseling and referral services in health departments. A recent systematic review of partner counseling and referral services identified 6 reports that met strict inclusion criteria and provided data regarding number of index cases, number of partners elicited, and number of new HIV cases identified. 12 Data from these studies suggest that, on average, approximately 9. 1 index patients were interviewed to identify 1 new HIV case. By comparison, in this program, enlistment of just 2.4 recruiters resulted in the detection of 1 person with newly identified HIV infection. Furthermore, recruiters in the program themselves contacted and referred the network associates, whereas in partner counseling and referral services, this work is usually conducted by health department personnel. Therefore, considerably less staff time was needed to bring network associates to testing than is typically needed to bring partners to testing in partner counseling and referral services. This suggests that a social network strategy may be useful in aiding CBOs and health departments to work together to identify populations of persons with undiagnosed HIV infection and may be an efficient adjunct to traditional partner notification methods. In 2004, nearly 2 million HIV tests were performed in CDC-supported sites. Slightly more than 1% were positive. 10 Positive test rates were highest in community health centers and public health clinics (2.4%); medical care settings (2.2%); HIV counseling, testing, and referral sites (1.8%); and field visits (1.8%). The 5.6% prevalence found in this program was 5 times the average prevalence found in CDC-supported sites and more than twice as high as in the settings with the highest prevalence. Furthermore, although the 9 CBOs tested a relatively low number of persons during the 2 years of this program (average of 352 persons each), their yield of persons with newly identified HIV infection was relatively high (average of 20 persons each during the 2 years). Therefore, the use of a social network strategy may be useful for counseling, testing, and referral programs that are not achieving optimal results with more traditional approaches. Our evaluation had several limitations. It was designed as a program evaluation, not research; there were no control groups, and it is not possible to make direct comparisons with other recruitment strategies. Furthermore, the CBOs received extensive training and technical assistance throughout the course of the program. It is unclear whether their success would be sustained, or replicated by other CBOs, without equally intensive, ongoing support.
Finally, confirming the linkage of HIV-positive clients to medical care was limited by lack of existing infrastructure and systems for tracking referrals. Thus, the proportion of persons with newly identified HIV infection who were successfully linked to such services in this program may be underestimated.
The social network strategy is proving to be an efficient, high-yield approach to accessing and providing HIV counseling, testing, and referral services to high-risk populations that may be difficult to reach with other strategies. This is a significant public health achievement, because persons who learn that they are HIV positive tend to reduce their high-risk behaviors to avoid infecting others and have the opportunity to access medical care and other services to improve their personal health. j
